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IMPROVED CONTACT STRUCTURE FOR A SEMICONDUCTOR 

COMPONENT 

CROSS-REFERENCE TO RELATED APPLICATIONS 

[1.] The present application is a continuation-in-part of co-pending U.S. Application Serial 
No. 09/507,598, filed February 18, 2000, by Dohle et al., entitled: "Improved Contact 
Structure for Semiconductor Lasers". 

GOVERNMENT LICENSE RIGHTS 

[2.] The present invention was made with U.S. Government support under Contract No. 
70NANB5H1150 through the National Institute of Standards Technology, Advanced 
Technology Program. The U.S. government has certain rights in the present invention. 

TECHNICAL FIELD 

[3.] The present invention pertains generally to contact structures affixed to 
semiconductor devices and pertains more particularly to improved contact structures and 
methods of their manufacture that are inexpensive. 

BACKGROUND ART 

[4.] The efficient operation of semiconductor laser devices, especially laser devices that 
operate at high power levels, require electrical contacts that have several properties. The 
first property is low electrical resistance, which improves efficiency by minimizing 
resistive power losses in the electrical contacts and which improves operational 
characteristics of the laser by minimizing the amount of heating caused by these resistive 
power losses. The second property is a coefficient of thermal expansion (CTE) that 
closely matches the CTE of the semiconductor laser material, which improves reliability 
by reducing mechanical strain in the laser and in the bond between laser and contact 
caused by differing amounts of thermal expansion. Problems caused by CTE mismatch 
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are especially troublesome for semiconductor laser bars having one or more dimensions 
on the order of a centimeter (cm). 

[5.] In applications that assemble multiple P-N junction semiconductor lasers into a single 
laser module, it is often desirable to make both the P-side and the N-side electrical 
contacts as thin as possible so that the lasers can be stacked next to each other as closely 
as possible. The degree to which the thickness of these contacts can be reduced is 
restricted by the cooling requirements of the laser module. In many implementations, the 
heat generated by a P-N junction laser is confined mostly to the P-side of the laser. As a 
result, the P-side electrical contact should also have high thermal conductivity. This 
particular property is not as important to the N-side electrical contact in these 
implementations; therefore, another property for at least an N-side contact is that it can be 
made very thin. Of course, in implementations that have other heat-generating 
characteristics, thermal conductivity requirements imposed on the P-side and N-side 
contacts will differ. 

[6.] Yet another property for an electrical contact is that it can be manufactured very 
inexpensively. This requires that the contact be made of materials that are themselves 
inexpensive to acquire, and that the manufacturing process used to make the contacts be 
inexpensive to carry out. 

[7.] Unfortunately, no known electrical contact structure satisfies all of these properties 
simultaneously. 

DISCLOSURE OF INVENTION 

[8.] It is an object of the present invention to provide for an electrical contact structure 
that can closely match the coefficient of thermal expansion of a semiconductor laser, can 
have very low electrical resistance, can be made very thin, and can be made very 
inexpensively having dimensions with low tolerances. 
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[9.] According to one aspect of the present invention, a laser module comprises a 
semiconductor laser and a contact structure affixed to a surface of the semiconductor 
laser, where the contact structure comprises a component made of a second material 
having a second coefficient of thermal expansion (CTE) plated with a first material 
having a first CTE, the first material having an overall thickness such that the contact 
structure has an effective CTE that matches the CTE of the semiconductor laser more 
closely than either the first CTE or the second CTE match the CTE of the semiconductor 
laser. 

[10.] According to another aspect of the present invention, a method for making a laser 
module including a semiconductor laser comprises steps for performing the acts of 
forming a contact structure by plating a first material having a first CTE onto a 
component made of a second material having a second CTE, where the plating is 
controlled to form an overall thickness of the first material such that the contact structure 
has an effective CTE that matches the CTE of the semiconductor laser more closely than 
either the first CTE or the second CTE match the CTE of the semiconductor laser; and 
affixing the contact structure to a surface of the semiconductor laser. 

[11.] The various features of the present invention and its preferred embodiments may 
be better understood by referring to the following discussion and the accompanying 
drawings in which like reference numerals refer to like elements in the several figures. 
The contents of the following discussion and the drawings are set forth as examples only 
and should not be understood to represent limitations upon the scope of the present 
invention. 

BRIEF DESCRIPTION OF DRAWINGS 

[12.] Figs. 1A to 1C are schematic illustrations of semiconductor laser subassemblies in 
which a semiconductor laser is affixed to electrical contact structures. 
[13.] Fig. 2 is a schematic illustration of a laser module having a plurality of 
semiconductor laser subassemblies affixed to a common substrate. 
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[14,] Fig. 3 is a schematic cross-sectional illustration of an electrical contact structure. 
[15.] Fig. 4 is a schematic illustration of an electrical contact structure component that 
is etched in a sheet of material. 

[16.] Fig. 5 is a schematic illustration of a plurality of electrical contact structure 
components that are etched in a sheet of "material. 

MODES FOR CARRYING OUT THE INVENTION 

[17.] Throughout this specification lasers are used by way of example; notwithstanding, 
this invention is applicable to other layered semiconductor devices. 

A. Laser Subassemblies 

[18.] Fig. 1A is a schematic illustration of laser subassembly 1 comprising 
semiconductor laser 1 1 affixed to electrical contacts 2 1 and 3 1 . The relative dimensions 
of the laser subassembly shown in this as well as in other figures are not intended to be 
significant; however, the present invention may be used advantageously with laser diodes 
formed in the shape of a bar having at least one dimension that is on the order of a 
centimeter (cm). 

[19.] The subassembly shown in Fig. 1A may be used in laser modules having circuits 
that carry electrical current to and from multiple locations along the lengths of electrical 
contacts 21 and 31. F or example, the subassembly may be used in laser modules 
comprising multiple wires in parallel that are bonded to electrical contacts 21 or 31 at 
multiple points along the length of the contacts. Alternatively, the subassembly may be 
used in laser modules comprising large area terminals that are affixed to the surface of 
contacts 21 or 31. 

[20.] In this first type of module, the electrical resistance of each contact is analogous 
to the composite resistance of a large number of paths connected in parallel. The 
resistance of each path is equal to the product of its respective length, which is the 
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thickness of the contact, and its respective resistance per unit length, which depends on 
the conductive properties of the material from which the contact is made. 

[21.] Fig. IB is a schematic illustration of laser subassembly 2 that is very similar to 
laser subassembly 1 except electrical contacts 21 and 31 extend beyond the length of 
semiconductor laser 11. Laser subassembly 2 may be used in laser modules having 
circuits that carry current to and from the ends of the electrical contacts that extend 
beyond the end of semiconductor laser 1 1 . 

[22.] In this second type of module, the electrical resistance of each contact is 
analogous to a circuit that is much more complicated than the set of parallel paths 
discussed above because resistive losses in the contacts cause the current density through 
the laser diode to diminish along the length of each contact. This effect is undesirable 
because the unequal current density changes the operational characteristics of the laser 
diode along its length and reduces its expected lifespan. For this reason, it is especially 
important in the second type of laser modules to have electrical contacts with very low 
electrical resistance. 

[23.] The resistance of these electrical contacts is somewhat analogous to the composite 
resistance of a large number of paths connected in series. The resistance of each path is 
equal to the product of its length and the resistance per unit length, which depends on the 
conductive properties of the material from which the contact is made and upon the cross- 
sectional area of the contact. This will be discussed in more detail below. 

[24.] Fig. 1C is a schematic illustration of laser subassembly 3 that is very similar to 
laser subassembly 1 except electrical contact 21 extends beyond the width of 
semiconductor laser 1 1 . This form of subassembly is suitable for use in laser modules 
comprising multiple subassemblies that are joined to one another in a stack, and which 
are affixed to a common substrate. Referring to Fig. 2, for example, laser module 40 
comprises a stack 43 of laser subassemblies 3 that are affixed to substrate 42. The 
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substrate may provide thermal cooling as well as structural support for the laser 
subassemblies. 

[25,] The electrical contacts 21, 31 may be affixed to laser 11 by a wide variety of 
adhesive and bonding techniques including soldering. Generally, the use of a hard solder 
such as a gold-tin solder is preferred to provide a reliable bond between the laser and the 
contact. 

B. Electrical Contact Structure 

[26.] Fig. 3 is a schematic cross-sectional illustration of electrical contact structure 30 
comprising component 51 of a first material having plated layers 61, 62 of a second 
material. The first and second materials, thickness of the component and thicknesses of 
the plated layers are all selected to provide a contact structure having desired properties 
including its coefficient of thermal expansion (CTE), electrical conductivity, and overall 
physical thickness. Thermal conductivity may also be taken into account. 

[27.] An electrical contact structure for a gallium-arsenide (GaAs) semiconductor laser 
is illustrative. In this example, a GaAs laser has a CTE of about 6.5 x 10" 6 /°C. A contact 
structure may be formed from a component made of molybdenum (Mo) plated on 
opposite or all surfaces with copper (Cu). The Mo component has a length of about 1 8 
cm, a width of about 0.15 cm, a thickness of about 0.0075 cm, and a CTE of about 5.1 x 
10* 6 /°C. Each of the two plated Cu layers has a thickness of about 0.00125 cm, a length 
(1.8 cm) and a width (0.15 cm) equal to that of the Mo component, and a CTE of about 
17 x 10" 6 /°C. The total thickness of the contact structure is 0.010 cm. 

[28.] The effective CTE of this structure may be determined empirically, which closely 
approximates the CTE of the GaAs laser. The CTE of the contact structure may be 
increased or decreased by either increasing or decreasing the relative thickness of the 
plated Cu layers as compared to the thickness of the Mo component, respectively. 
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[29.] The effective CTE may also be estimated analytically from the formula 

i 

where QfeFF = effective CTE of the structure; 
o$ = CTE of material in layer i; 
Ej = elastic modulus of material in layer i; and 
ti = thickness of layer i. 

[30.] More accurate solutions can be obtained using finite element modeling. 
Additional information for these two techniques may be obtained from Tummala, 
"Microelectronics Packaging Handbook," Chapman & Hall, 2nd ed. 5 1997, Part I, pp. 
462-65 and 498, which is incorporated herein by reference. 

[31.] The electrical resistance of each material in ohms may be calculated from the 
expression 

w*t 

where p = resistive constant of each material in ohm-cm; 
1 = length of the material in cm; 
w = width of the material in cm; and 
t = thickness of the material in cm. 

[32.] The resistive constant for Mo at 25° C is 5.47 x: 10" 6 ohm-cm; therefore, the end- 
to-end resistance of the Mo component is about 8.75 x 10' 3 ohms. The resistive constant 
for Cu at 25° C is 1.71 x 10* 6 ohm-cm; therefore, the end-to-end resistance of each Cu 
layer is about 16.42 x: 10" 3 ohms. 
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[33.] The end-to-end resistance of the contact structure may be obtained by calculating 
the effective resistance of these three layers in parallel. For this particular Cu/Mo/Cu 
contact structure, the end-to-end resistance is about 4.24 x 10° ohms. Resistive power 
losses in this structure is a function of current, which may be calculated from the 
expression. 

P=I 2 R 

where P = resistive losses in watts; 
I = current in amperes; and 
R = resistance in ohms. 

[34,] From this expression, it can be seen that the resistive power losses are 0.42 watts 
at 10 amperes and 42.4 watts at 100 amperes. 

[35.] This particular example includes two plated Cu layers of equal thickness. In 
principle, only one plated layer or two plated layers of unequal thickness may be used. 
The relative thicknesses may be adjusted as necessary to provide the desired CTE and 
electrical resistance Two layers of equal thickness are preferred, however, because this 
particular structure will have essentially no bending or bowing caused by unequal thermal 
expansion of the two materials. In other words, the stress imposed by one of the bi- 
metallic junctions on one surface of the structure will be cancelled by the stress imposed 
by the bi-metallic junction on the opposite surface. 

[36.] This electrical contact structure has the following desirable properties: (1) it has 
an effective CTE that closely matches the CTE of a GaAs laser; (2) it has a very low end- 
to-end electrical resistance, and (3) it is very thin. 

[37.] Similar contact structures may be made for GaAs lasers using different materials. 
For example, a Mo component may be plated with silver (Ag) rather than Cu. Relative 
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thicknesses of these two materials may be adjusted to match the effective CTE with the 
CTE of GaAs and to provide an electrical resistance that is sufficiently low. Generally, 
the two materials of the contact structure should be selected such that the CTE of the 
semiconductor laser is intermediate to the CTE of the two materials and the desired 
effective electrical resistive constant of the structure is intermediate to the electrical 
resistive constant of the two materials. 

C. Manufacture 

[38.] Another advantage provided by the electrical contact structure described above is 
that it can be manufactured very inexpensively by first etching the outline of the contact 
component in a thin sheet of the first material and then plating the etched sheet with the 
second material. 

[39.] Fig. 4 is a schematic illustration of an electrical contact structure component 
whose outline is etched in a sheet of material. Fig. 5 is a schematic illustration of a sheet 
of material in which a plurality of electrical contact structure components have been 
etched. One or more legs 42 attach each component to the surrounding sheet. Preferably, 
each leg is etched with a shape that facilitates separating the components from the sheet. 
For example, this may be accomplished by narrowing the width of each leg at or near the 
edge of component, as shown in the figure. 

[40.] Continuing the Cu/Mo/Cu example discussed above, electrical contact structures 
may be manufactured inexpensively by the following process: 

1. Etch a sheet of molybdenum that is 0.0075 cm thick, removing material 
that defines the outline of each component. This may be accomplished in a variety 
of ways including chemical etching, ion mining and laser etching. If 
photoresistive masks are used, these mask should be removed after the etch is 
completed 

2. Plate the etched sheet with copper, controlling the plating process so that 
the plated thickness on each side is 0.00125 cm. 
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3. Separate a plated component from the sheet, thereby obtaining a finished 
electrical contact structure. This may be accomplished in a variety of ways such 
as by pulling a structure from the etched sheet to break the legs that attach the 
structure to the remaining sheet, or by cutting the legs using a laser or ion beam. 

[41.] Alternative processes may be used in principle such as, for example, forming Mo 
components and plating the components individually. 

[42.] After the electrical contact structure is formed, it may be desirable to metallize the 
contact structure, for example by sputtering a layer of nickel and gold onto the structure, 
before affixing it to a semiconductor laser using an agent such as a gold-tin solder. 
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